Phenotypic data and phospholipid ester-linked fatty acid profiles indicate that pigmented bacterial strains isolated from a hypersaline Antarctic lake are members of the "flavobacterium-bacteroides" phylum and may represent new taxa, Nearly complete 16s rRNA sequences were obtained for representative strains by directly sequencing the polymerase chain reaction-amplified 16s rRNA gene. Sequence signatures confirmed that these organisms were members of the flavobacterium-bacteroides phylum. A phylogenetic analysis, in which the sequences of the Antarctic strains were compared with a large number of sequences available for members of the flavobacterium-bacteroides phylum, showed that the Antarctic strains were phylogenetically distinct, The new species cluster with a group of organisms that contains the type species of the genus Flavobacterium, Flavobacterium aquatile. Two new species are described, for which the names Flavobacterium gondwanense and Flavobacterium salegens are proposed; strains ACAM 44 (= DSM 5423) and ACAM 48 (= DSM 5424) are the type strains of F. gondwanense and F. salegens, respectively.
Moderately halophilic orange-and yellow-pigmented bacteria are readily cultured from Organic Lake, a hypersaline meromictic lake in the Vestfold Hills region of the Australian Antarctic Territory. Several strains of these pigmented bacteria have been characterized phenotypically (2). These strains were gram negative and nonmotile, had aerobic metabolism and DNA G+C contents ranging from 35 to 41 mol%, and were considered probable members of the genus Flavobacterium (2) . Phospholipid ester-linked fatty acid profiles revealed high levels of branched-chain fatty acids and the presence of branched-chain hydroxy fatty acids (20) . These features are characteristic of members of the genera Flavobacterium and Cytophaga and related bacteria (11, 16) .
In a numerical taxonomic study (2), the Antarctic strains formed two phena which did not include any of the reference organisms belonging to the genera Flavobacterium, Cytophaga, and Flectobacillus. This suggested that the Antarctic strains may be new species; however, the results were inconclusive because the salinity of the media employed in the study limited the choice of reference strains to marine and halotolerant species. A comparison with the phenotypes of several other species was precluded because of the variability of expression of some characteristics associated with high salinity. Genotype is independent of growth conditions; thus, genotype comparisons overcome the limitations of a comparative phenotypic study. In addition, genotypic data are phylogenetically informative.
The taxonomy of organisms placed in the genera Flavobactenum and Cytophaga and related genera, such as the genera Flexibacter and Microscilla, has been problematic and has undergone several revisions (11, 16) . Progress has been made toward an understanding of the taxonomic relationships among these organisms; this progress has resulted from chemotaxonomic studies, nucleic acid hybridization studies, and 16s rRNA studies (11, 16, 25, 27, 29) . However, the taxonomic status of these genera is still unsatisfactory. Phylogenetic relationships derived from molecular data are considered the basis for the development of a stable taxonomy for prokaryotes (26) . In this study, the 16s rRNA sequences were determined for representative strains of the two Antarctic phena mentioned above, and two new species, Flavobacterium gondwanense (with type strain ACAM 44) and Flavobacterium salegens (with type strain ACAM 48), are described below.
MATERIALS A N D METHODS
Microorganisms. Strain ACAM 44T (= DSM 5423T; DSM is the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany) (T = type strain) and strain ACAM 4gT (= DSM 5424T) were obtained from the Australian Collection of Antarctic Microorganisms (ACAM), University of Tasmania, Hobart, Australia. The strains were grown in marine broth (Difco) at 25°C.
DNA isolation and PCR amplification. DNA was extracted by the rapid guanidium thiocyanate method of Pitcher et al. (15) , treated with RNase, and reprecipitated. The polymerase chain reaction (PCR) (18) was performed by using a GeneAmp kit (Perkin-Elmer Cetus) and primers A and H* as described by Edwards et al. (3) , which amplify the region from position 29 to position 1521 (Escherichia coli numbering) of the 16s rRNA genes of a broad range of organisms belonging to the domain Bacteria. The thermal profile used for amplification was based on the thermal profile of Edwards et al. (3) ; the annealing temperature was increased to 55°C to reduce the generation of nonspecific products. The amount of template used in the reaction mixture was reduced to 10 ng/lOO-pl reaction mixture and the amount of primers used was reduced to 50 pmol/lOO-pl reaction mixture without detriment. The PCR products were separated by agarose gel electrophoresis, and the 16s ribosomal DNA product was recovered from the gel by using Geneclean (Bio 101). Sequencing of PCR product. The 16s ribosomal DNA PCR product was sequenced by using a Sequenase kit (United States Biochemical Corp.). The standard protocol (19, 24) was modified by including 1 pl of 20% Nonidet P-40 (Sigma) in the annealing mixture and denaturing the annealing mixture by boiling, followed by snap-freezing in a dry iceethanol bath (1). The sequencing reaction was performed with 0.5 to 1.0 Fg of the isolated 16s ribosomal DNA PCR product. Use of a smaller amount of template often resulted in a sequence ladder of poorer quality. Primers for the regions from positions 8 to 28, 1542 to 1522 (3) 128 to 109 (22) , 518 to 536,908 to 928 (12), 684 to 704,1100 to 1115, and 1387 to 1407 (4) were used for sequencing. Sequences were obtained from the priming regions from positions 518 to 536 and 708 to 684 in both directions. Primer CACACGTGCTA CAATGGTAG for the region from position 1220 to position 1229 was used to complete the sequencing of strain ACAM 44T. This primer, which was designed to be specific for the Antarctic flavobacteria, was a modification of the primer of Stackebrandt and Charfreitag (22) .
Phylogenetic analysis. The sequences were aligned manually with a group of prealigned sequences from several organisms belonging to the "flavobacterium-bacteroides~7 phylum, which were available from the Illinois RNA data base (14), taking into account secondary-structure considerations. Sequences for the following organisms were obtained from the Illinois RNA data base ( The Jukes-Cantor equation was used to calculate evolutionary distances between pairs of organisms (Table 1) by using the DNADIST program of the PHYLIP v3.4 package (5). A tree estimating the phylogenetic relationships among the organisms was derived by using the FITCH program of the same package, random-order input of sequences, and the global rearrangement option. An additional tree for a subset of the organisms was derived by parsimony analysis, using the branch and bound method available in the PAUP program (23) .
Respiratory quinones. Respiratory quinones were extracted and analyzed as described previously (6).
Nucleotide sequence accession numbers. The sequences for strains ACAM 44T and ACAM 48T have been deposited in the GenBank data base under accession numbers M92278 and M92279, respectively. The GenBank accession numbers for the sequences obtained from the Illinois RNA data base are as follows: C. latercula ATCC 23177=, M58769; C. lytica ATCC 23178T, M62796; Flavobacterium odoratum ATCC 4651T, M58777; B. distasonis ATCC 8503T, M86695; S. 
RESULTS AND DISCUSSION
Bachmann et al. (1) 16s ribosomal DNA PCR product, obviating the need to use a 32P-labelled radionucleotide, to clone the PCR product or to generate a single-stranded template. Bachmann et al. (1) included Nonidet P-40 in all additions to the reaction mixture. We found that a single addition to the annealing reaction was sufficient. There was some variation in the quality of the sequence depending on the template-primer combination. The 16s rRNA sequences of strains ACAM 44T and ACAM 48T contained the definitive flavobacterial signatures identified by Woese and colleagues (27, 28) The major res iratory lipoquinone in strains ACAM 44= and ACAM 48 was menaquinone 6. The presence of menaquinones is a characteristic of aerobic, pigmented bacteria belonging to the flavobacterium-bacteroides phylum
The additive and parsimony methods of tree construction produced trees with similar topologies ( Fig. 1 and 2 ). Some variation in topology occurs among the closest relatives of the Antarctic flavobacteria. The tree derived from the parsimony analysis may be considered a better representation of the pairwise distances (Table 1) because it shows that strain ACAM 48T is more closely related to C. latercula than to strain ACAM 44T. Because of computational limitations fewer species were included in the parsimony analysis.
On the phylogenetic trees the Antarctic flavobacteria grouped with the members of a branch of the flavobacterium-bacteroides phylum that contains organisms isolated from marine and freshwater habitats and a single urinary tract species, Flavobacterium odoraturn, on the periphery ( Fig. 1 and 2 ). The members of this branch are currently assigned to five genera, Cytophaga , Flavobacte-.p rium, Flaibacter, Flectobacillus and "Antarcticum ," and include the type species of the genus Flavobacteriurn, Flavobacterium aquatile. Flavobacterium aquatile has been considered atypical of the group of species which currently are placed in the genus Flavobacterium. A proposal was made to the Judicial Commission to change the Flavobactenum type species to Flavobactenum breve; however, this proposal was rejected, and Flavobacterium aquatile retains the status of type species (10, 11). Holmes (9) did not include Flavobacterium aquatile among the species belonging to the genus on a recent list, although he noted that the name Flavobacteriurn should remain with this organism when new genera are created for the other species. Reichenbach included Flavobacterium aquatile among the Cytophaga-like bacteria The branch in which the Antarctic flavobacteria fall contains several species of the genus Cytophaga . Gliding motility has been observed for most of these organisms, but not for C. latercula (16). Gliding motility or spreading growth has not been observed for the Antarctic flavobacteria, although their cell morphology and cell arrangement are similar to the cell morphology and cell arrangement of other members of this group. The type species of the genus Cytophaga, C. hutchinsonii, is not closely related to this group of organisms; therefore, placement of the Antarctic flavobacteria in the genus Cytophaga is not warranted.
The Antarctic flavobacteria are the first moderately halophilic flavobacteria to be described, and they have fatty acid profiles that are unique within the flavobacteria. Strain ACAM 44T contains anteiso-15:O as the major fatty acid rather than iso-15:O and also contains anteiso-15:lwlOc. Strain ACAM 48* contains 16:lw7c. Both strains also contain small amounts of 3-OH anteiso-15:O and 3-OH anteiso-17:O (20) . The Antarctic flavobacteria represent distinct taxa at least at the species level, given the estimated evolutionary distances between them and the other species of flavobac-(16).
teria. They may represent novel genera. However, the fatty acid profiles of several members of the branch in which they occur have not been determined, and the significance of halophilism in delimiting taxa at the genus level has not been established, While a large data base of flavobacterial 16s rRNA sequences now exists, the sequences of representatives of some species have not been determined. One of these species, Flavobacteriurn multivomm, contains sphingophospholipids. Flavobacteria which contain this lipid, such as S. mizutae and C. heparina, form a phylogenetically distinct branch. Chemotaxonomic data for the other species are not available, so these organisms are compared with the proposed Antarctic species on the basis of significant phenotypic features in Table 2 . The expression of some characteristics, such as antibiotic susceptibility (13), motility (17), urease activity, reduction of nitrate, and production of acid from carbohydrates (8), has been shown to vary depending on the salt concentrations of the test media; however, we believe that differentiation between the Antarctic flavobacteria and the other species on the basis of characteristics such as the presence of catalase, the capacity to utilize glucose as a sole carbon and energy source, the presence of flexirubin (as determined by the KOH test), and halotolerance, is a legitimate indication of phenotypic distinction at the species level. Cytophaga marina exhibits the closest phenotypic similarity to the Antarctic species across the range of characteristics studied; however, C. marina has a significantly lower DNA G+C content than the Antarctic species.
The levels of 16s rRNA sequence similarity between member species of a genus differ substantially for many well-defined genera and range from 78 to 95% (21) . The levels of sequence similarity between strains ACAM 44T and ACAM 48T and Flavobacterium aquatile are 89 and 90%, respectively (not adjusted by the Jukes-Cantor equation). Given the nomenclatural necessity that Flavobacterium aquatile must remain the type species of the genus Flavobacterium, the Antactic flavobacteria are assigned to this genus as two new species, Flavobactenum gondwanense and Flavobacterium salegens, as described below.
Description of Flavobacterium gondwanense sp. nov. Flavobacterium gondwanense (gond. wa. nen'se. L. adj. gondwanense, of Gondwanaland or Gondwana, one of the two ancient supercontinents comprising what are now Africa, South America, Australia, Antarctica, and the Indian subcontinent [7] ) cells are rod shaped and occur singly, in pairs, and in short chains. Cell widths range from 0.4 to 0.8 pm, and cell lengths range from 1.7 to 11.7 p,m. Cells are gram negative and nonmotile and have strictly aerobic metabolism. Colonies on solid media are orange, circular, and entire. Members of this species are moderately halophilic and grow optimally in media containing 5% total salts. Pigment production is inhibited on media containing Tween 20. Members of this species produce cytochrome oxidase, phosphatase, and DNase and hydrolyze esculin and starch. They do not reduce nitrate to nitrite, produce P-galactosidase, ornithine decarboxylase, or lysine decarboxylase, utilize malonate, grow in the presence of 20% NaCl, grow at 3TC, or hydrolyze chitin or agar. They do not produce spreading growth on low-peptone agar. No bathochromic shift is observed when 20% KOH is added to colonies. All strains grow in the presence of 10% NaCl. The growth of all members of the species is not stimulated by a wide range of single carbon sources, including proline, sucrose, L-rhamnose, salicin, D-glucose, D-galactose, glycine, hydroxy-Lproline, D-mannose, D-gluconic acid, maltose, serine, D-trehalose, tryptophan, alanine, cysteine, histidine, L-arabinose, tyrosine, glycerol, inositol, isoleucine, maltose, leucine, and valine. Acid is not produced from galactose by any strain. All members of the species are susceptible to novobiocin (30 pg), chloramphenicol(30 pg), and erythromycin (15 pg) and resistant to vibriostatic agent 0/129 (10 pg), polymyxin B (300 U), and gentamicin (10 pg). The G+C contents of this species, determined for three strains, range from 35 to 39 mol%. The type strain is strain ACAM 44*, which has a G+C content of 39 mol%. Distinctive features of the fatty acid profile of strain ACAM 44T are the occurrence of anteiso-15:O as the major fatty acid and the presence of anteiso-l5:lwlOc, 3-OH anteiso-15:0, and 3-OH anteiso-17:O. The major respiratory lipoquinone is menaquinone 6. The species is represented by 11 strains (strains ACAM 1, ACAM 40, ACAM 41, ACAM 43, ACAM 44T, ACAM 45, ACAM 46, ACAM 49, ACAM 51, ACAM 56, and ACAM 62). Characteristics which vary among strains belonging to this species are shown in Table 3 .
Description of Flavobacterium salegens sp. nov. Flavobacterium salegens (sal'e. gens. L. n. sal, salt; L. adj. egens, needy; L. adj. salegens, needing salt) cells are rod shaped and occur singly, in pairs, and sometimes in chains. Cell widths range from 0.5 to 0.8 pm, and cell lengths range from 1.2 to 11.5 pm. Cells are gram negative and nonmotile. Members of the species are aerobic. Colonies on solid media are yellow, circular, entire, and convex. Members of this species are moderately halophilic and grow optimally in media containing 5% total salts. Growth on Tween 20-containing agar inhibits pigment production. All members of this species produce catalase, cytochrome oxidase, phosphatase, DNase, and P-galactosidase, reduce nitrate to nitrite, grow in the presence of 15% NaCl, hydrolyze Tween 20, starch, and esculin, and liquefy gelatin. No strain produces ornithine decarboxylase or lysine decarboxylase, utilizes malonate, hydrolyzes chitin, agar, or casein, or pro- 7/10 7/10 8/10 8/10 7/10 7/10 8/10 7/10 7/10 8/10 9/10 9/10 9/10 9/10 911 0 3/10 7/10 7/10 1/10 316 819
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duces spreading growth on low-peptone agar. No bathochromic shift is observed when 20% KOH is added to colonies. The growth of all members of the species is stimulated by arginine, D-gluconic acid, pyruvate, maltose, ornithine, and lactose. The growth of all strains is not stimulated by adonitol, L-rhamnose, salicin, glycine, hydroxy-L-proline, D-mannose, D-xylose, serine, D-trehalose, L-asparganine, L-lysine, histidine, L-arabinose, cysteine, threonine, tyrosine, glycerol, inositol, isoleucine, maltose, leucine, and valine. All strains produce acid from L-arabinose, maltose, and mannitol and are susceptible to novobiocin (30 pg), chloramphenicol (30 pg), ampicillin (10 pg), erythromycin (15 pg), and cephalothin (30 pg). All strains are resistant to vibriostatic agent OD29 (10 Fg) and neomycin (30 pg). The G+C contents of this species, determined for three strains, range from 39 to 41 mol%. The type strain is strain ACAM 48T, which has a G+C content of 41 mol%. Distinctive features of the fatty acid profile of strain ACAM 4gT are the presence of 16:lw7c, 3-OH anteiso-15:0, and 3-OH anteiso-17:O. The major respiratory lipoquinone is menaquinone 6. The species is represented by five strains (strains ACAM 2, ACAM 4gT, ACAM 52, ACAM 53, and ACAM 54). Characteristics which vary among strains belonging to this species are shown in Table 4 .
